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TRANSISTOR HAVING INSULATING 
SPACERS ON GATE SIDEWALLS TO 

REDUCE OVERLAP BETWEEN THE GATE 
AND DOPED EXTENSION REGIONS OF THE 

SOURCE AND DRAIN 

BACKGROUND 

1. Field 

Embodiments of the present invention relate to semicon 
ductor integrated circuits, and more particularly to ?eld 
effect transistors, and methods for fabricating the transistors. 

2. Background Information 
Atransistor is a semiconductor sWitching device that may 

be used to amplify a signal or open or close a circuit. 
Transistors are important building blocks, along With a feW 
others such as resistors, capacitors, and diodes, to make up 
logic gates used to create integrated circuits for most elec 
tronic devices and computer systems. Modern day micro 
processors for computer systems, for example, may contain 
tens of millions of microscopic transistors. Indeed, it is 
dif?cult to imagine that modern computing, as We noW knoW 
it, Would be possible Without the use of transistors. 
Accordingly, the transistor may be regarded among the most 
signi?cant, important, and valued inventions of the last 
century. 

The inventors have discovered improved transistors and 
methods for fabricating those transistors. Prior to disclosing 
the transistors and methods a brief discussion of several 
prior art transistors may help to illustrate the signi?cance of 
the developments disclosed herein. 

FIG. 1 shoWs a cross section of a prior art insulated gate 
?eld effect transistor 100 having shalloW doped extension 
regions 108A/B from a source 104A and a drain 104B into 
a channel 110 located beneath an insulated gate 106 such 
that the extension regions underlap the insulated gate. The 
transistor is disposed on a silicon substrate 102 and contains 
the source 104A, the drain 104B, the channel 110, the gate 
106, the source extension region 108A from the source into 
the channel, the drain extension region 108B from the drain 
into the channel, a gate dielectric 112 to separate the gate 
from the channel, a source spacer 116A to offset the source 
from the gate, a source spacer liner 114A to separate the 
source spacer from the gate, a drain spacer 116B to offset the 
drain from the gate, and a drain spacer liner 114B to separate 
the drain spacer from the gate. 

The extension regions 108A/B underlap the insulator 112 
and the gate 106. The method of fabricating the transistor 
includes forming the gate dielectric 112 and the gate 106, 
then forming extension regions 108A/B typically by an ion 
implantation process that introduces the ions in alignment 
With the sideWalls of the gate, and then, after forming the 
extension regions, depositing the source/drain spacer liners 
114A/B. Since the doped extension regions are created 
before the source/drain spacer liners, the location and length 
of the extension regions (and hence the amount of underlap 
With the gate) are determined by the sideWalls of the gate, 
rather than by the sideWalls of the source/drain spacer liners. 
The underlap may lead to operational problems for the 
transistor, such as parasitic Miller capacitance that may sloW 
the sWitching speed of the transistor, and standby or off-state 
leakage currents. 
One approach for reducing the amount of underlap 

involves forming notches at the base of the gate. FIG. 2 
shoWs a cross-sectional vieW of a prior art transistor 101 that 
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2 
has notches 118A/B in a notched gate 107 to reduce the 
underlap of doped extension regions 108A/B With the gate 
107. The notches reduce the Width at the base of the gate 
While leaving the Width at the top of the gate unaltered. The 
method of fabricating the transistor includes etching the 
notches 118A/B from the gate 107 and the gate dielectric 
113, then doping extension regions 108A/B by an ion 
implantation process that introduces the ions at a position of 
the substrate 102 that is in a vertical line-of-sight alignment 
With the outermost upper edges of the notched gate, and then 
(after forming the extension regions) forming source/drain 
spacer liners 115A/B. The notches reduce the amount of 
overlap betWeen the gate and the extension regions. 
Unfortunately, the etching of the notches is dif?cult to 
control and the siZe and shape of the notches may vary and 
cause variability in the operation of different transistors, 
Which is generally undesirable. Additionally, the notches do 
not help reduce the Width at the top of the notched gate and 
therefore do not improve the packing density of the transis 
tors in integrated circuits. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

The invention may best be understood by referring to the 
folloWing description and accompanying draWings that are 
used to illustrate embodiments of the invention. In the 
draWings: 

FIG. 1 shoWs a cross-sectional vieW of a prior art tran 
sistor that contains doped extension regions that underlap a 
gate. 

FIG. 2 shoWs a cross-sectional vieW of a prior art tran 
sistor that contains doped extension regions that underlap a 
notched gate. 

FIG. 3 shoWs a cross-sectional vieW of an insulated gate 
?eld effect transistor containing insulating spacers adjacent 
to sideWalls of a gate to offset source/drain extension regions 
from the gate and to alloW a reduced amount of lap betWeen 
the gate and the extension regions, according to embodi 
ments of the invention. 

FIG. 4 shoWs a method for fabricating a transistor having 
insulating spacers adjacent to sideWalls of a gate, according 
to embodiments of the invention. 

FIG. 5A shoWs a cross-sectional vieW of a ?rst interme 
diate transistor structure containing an insulated gate includ 
ing a gate dielectric and a gate terminal formed on a 
substrate, according to embodiments of the invention. 

FIG. 5B shoWs a cross-sectional vieW of a second inter 
mediate transistor structure containing an insulating layer 
formed over the insulated gate and substrate of FIG. 5A, 
according to embodiments of the invention. 

FIG. 5C shoWs a cross-sectional vieW of a third interme 
diate transistor structure containing insulating sideWall spac 
ers formed by removing portions of the insulating layer of 
FIG. 5B that are not on the sideWalls of the insulated gate, 
according to embodiments of the invention. 

FIG. 5D shoWs a cross-sectional vieW of a fourth inter 
mediate transistor structure containing doped extension 
regions formed in the substrate at opposite sides of the 
insulated gate by using the insulating spacers of FIG. 5C for 
alignment, according to embodiments of the invention. 

FIG. 5E shoWs a cross-sectional vieW of a ?fth interme 
diate transistor structure containing an optional insulating 
liner layer formed over the substrate, the insulating spacers, 
and the top of the insulated gate of FIG. 5D, and containing 
an optional insulating spacer layer formed over the liner 
layer, according to embodiments of the invention. 
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FIG. 5F shows a cross-sectional vieW of a sixth interme 
diate transistor structure containing liners and source/drain 
spacers at the left-hand and right-hand sides of the gate 
formed by removing portions of the insulating liner layer 
and insulating spacer layer of FIG. 5E, according to embodi 
ments of the invention. 

FIG. 5G shoWs a cross-sectional vieW of a seventh 
intermediate transistor structure containing doped source/ 
drain terminals formed in the substrate at opposite sides of 
the insulated gate by using the source/drain spacers of FIG. 
5F for alignment, according to embodiments of the inven 
tion. 

FIG. 6 shoWs a cross-sectional vieW of portions of the 
transistors shoWn in FIGS. 1, 2, and 3 and a relationship 
betWeen overlap of the extension regions With the gates 
When the respective extension regions of these transistors 
are formed by an ion implantation process that respectively 
uses the gate of FIG. 1, the notched gate of FIG. 2, and the 
insulating sideWall spacers of FIG. 3 as an implantation 
alignment mask, according to embodiments of the invention. 

FIG. 7 shoWs that a transistor, according to embodiments 
of the invention, may be included in a microprocessor 
integrated circuit of a computer system. 

DETAILED DESCRIPTION 

Described herein are neW and useful transistors having 
insulating spacers adjacent sideWalls of a gate in order to 
offset subsequently formed extension regions from the gate 
and alloW a small amount of lap betWeen the gate and the 
extension regions. In the folloWing description, numerous 
speci?c details are set forth. However, it is understood that 
embodiments of the invention may be practiced Without 
these speci?c details. For example, the concepts of the 
invention Will be illustrated through a particular transistor 
structure, although Will be apparent to a person having an 
ordinary level of skill in the transistor fabrication arts and 
the bene?t of the present disclosure that the detailed struc 
ture is not a requirement of the invention and that the 
insulating spacers disclosed herein may be incorporated into 
numerous other Well-knoWn transistor structures, including 
those structures having different arrangements of the source, 
the drain, and the gate. As another example, particular 
materials and processes that are commonly used in the 
semiconductor processing arts are set forth in order to 
illustrate one transistor, although these particular materials 
and processes are not a requirement of the invention and 
may be replaced by others that are Well-knoWn in the arts. 
In other instances, Well-knoWn structures and techniques 
have not been shoWn in detail to avoid obscuring the 
understanding of this description. 
I. Exemplary Transistor Having Insulating SideWall Spacers 

FIG. 3 shoWs an insulated gate ?eld effect transistor 300 
having insulating spacers 314A/B adjacent and in this case 
abutting sideWalls of a gate terminal 306 to offset subse 
quently formed source/drain extension regions 308A/B from 
the gate and to alloW a small and tailored amount of lap 
betWeen the gate and the extension regions, according to 
embodiments of the invention. The transistor may offer a 
number of advantages over prior art transistors that lack the 
insulating spacers 314A/B including, among others, reduced 
Miller capacitance betWeen the gate and the extension 
regions, Which may alloW the transistor to be sWitched faster 
than transistors that lack the insulating spacers, and reduced 
standby or off-state leakage currents (i.e., less current ?oWs 
through transistor When it is in its standby or off-state) at the 
same gate length. This may make the transistor Well suited 
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4 
for high frequency sWitching operations. As Will be dis 
cussed in more detail beloW (see FIG. 6), the transistor may 
also alloW reduced gate length for the same channel length, 
Which may alloW increased transistor packing density. 

The transistor 300 includes the gate terminal 306, source 
and drain terminals 304A/B, the extension regions 308A/B, 
a channel 310 disposed betWeen the extension regions, an 
insulator or gate dielectric 312 to separate the gate from the 
channel, the insulating spacers 314A/B adjacent and in this 
case abutting sideWalls of the gate (the insulating spacers are 
formed along the “Width” of the gate into the page) to offset 
the extension regions from the gate, source/drain spacers 
318A/B at right-hand and left-hand sides of the gate to offset 
the source/drain terminals from the gate, and source/drain 
spacer liners 316A/B disposed betWeen and separating the 
source/drain spacers 318A/B and the insulating spacers 
314A/B. 

The transistor is formed on a substrate 302. The substrate 
represents a general Workplace object having the transistor 
formed thereon often as part of an integrated circuit. The 
substrate is often a semiconductor substrate containing a 
semiconductor material. The preferred semiconductor mate 
rial Will often be silicon, in order to take advantage of the 
large amount of knoW-hoW and cost effectiveness of fabri 
cating transistors from silicon, although this is not a require 
ment of the invention. Suitable silicon substrates include 
among others single crystal silicon, polycrystalline silicon 
and silicon on insulator (SOI). Of course, in alternate 
embodiments of the invention the silicon may potentially be 
replaced With other Well-knoWn elemental or compound 
semiconductors, such as germanium (Ge), a combination of 
elements from Group 4A (e.g., SiGe or SiC), a combination 
of elements from Groups 3A and 5A (e.g., gallium arsenide 
(GaAs), indium phosphate (InP), or gallium nitride (GaN)), 
or other Well-knoWn semiconductors. 
The gate, source, and drain are each terminals of a 

three-terminal insulated gate ?eld effect transistor Occasionally the terminals are referred to as junctions or 

electrodes. In the particular transistor illustrated, the source 
and the drain are provided at opposite ends of the channel so 
that the channel is disposed betWeen the source and the 
drain. Conduction occurs through the channel betWeen the 
extension regions of the source/drain terminals subsequent 
to an inversion of the semiconductor surface under the 
in?uence of an electric ?eld resulting from a voltage applied 
to the gate terminal. In order to avoid obscuring the concepts 
of the invention, the insulating spacers are illustrated on a 
transistor With geometrically symmetrical source and drain 
terminals that differ mainly on the basis of the voltage that 
is to be applied to the terminals When the transistor is 
operated in a circuit. The terminal 304A may be the source 
and the terminal 304B may be the drain, or these terminals 
may be reversed. For convenience, in such a transistor, the 
symmetrical terminals Will be referred to as source/drain 
terminals. Of course, the invention is also applicable to 
alternate transistors in Which the source and drain terminals 
are asymmetrical. 
The transistor may be fabricated from a number of 

materials that are commonly used in the semiconductor 
processing arts. Commonly the gate, the source, the drain, 
and the extension regions Will each contain a conductive 
material. Exemplary conductive materials that are com 
monly used in the semiconductor processing arts include 
doped semiconductor materials, doped silicon (e.g., poly 
crystalline silicon or single crystal silicon), metals, and other 
conductors. The doped semiconductors contain semiconduc 
tors into Which suitable dopants have been added in order to 
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modify their electrical properties for example to make them 
conductive. Dopants that are commonly used for silicon 
include among others arsenic, boron, phosphorous and anti 
mony. In one exemplary transistor, each of the source/drain, 
and gate terminals may contain doped semiconductor 
materials, and the source/drain terminals have a conductivity 
type, either p-type or n-type, Which is opposite that of the 
substrate. Of course one or more of the gate, the source, and 
the drain may alternatively contain another conductive mate 
rial such as a metal. 

The transistor also contains extension regions 308A/B 
that extend from the main portion of the respective source/ 
drain terminals toWard the channel. The extension regions 
are occasionally knoWn as tips. The extension regions may 
be regions of the substrate, shalloWer than the source/drain 
terminals, Which contain conductive material, such as lightly 
doped semiconductor material that extends underneath the 
insulating spacers 314A/B and a portion of the insulated 
gate. The extension regions often have a length that is 
sufficient to separate the end of the extension region nearest 
the gate from the source/drain terminals so that the extension 
regions nearest the gate are not overWhelmed by the subse 
quent heavy and deep doping of the source/drain terminals. 
In one particular instance the depth of the extension regions 
is approximately 0.03 micrometers (a micrometer is one 
millionth of a meter) and the length is slightly less than 0.03 
micrometers, although this is not required. The extension 
regions are commonly formed by ion implantation and as an 
aspect of one embodiment of the invention are substantially 
in alignment With the outermost edges of the insulating 
sideWall spacers. The channel is an active region or body 
terminal between the extension regions and connecting the 
source/drain terminals in the ?eld effect transistor. The 
channel often contains a semiconductor material that may or 
may not be doped. The conductivity of the channel is 
controlled or adjusted based on the voltage applied to the 
gate. The distance in the channel betWeen the extension 
regions is referred to as the channel length and signi?cantly 
impacts the operation of the transistor. 

The insulator 312 separates the gate from the channel and 
from portions of the extension regions that underlap the gate. 
The insulator contains an insulating or dielectric material 
that resists How of electrical current and has a suf?cient 
thickness to provide a high resistance betWeen the gate and 
the channel such that essentially no current ?oWs betWeen 
the gate and the channel and such that the gate and the 
channel are capacitively coupled. The insulator often con 
tains a semiconductor oxide, such as an oxide of silicon 
(e.g., silicon dioxide, SiO2) in the case of a silicon substrate. 
The oxide of silicon may be groWn on the substrate or 
deposited, as desired. Alternatively, the insulator may con 
tain a high dielectric constant (high-k) material that has a 
higher dielectric constant than that of silicon dioxide (i.e., 
higher than about 4.0). The high-k material may alloW the 
same charge induced in the channel under the gate to be 
achieved at the same gate voltage in a thicker layer. That is, 
the higher dielectric constant may alloW the insulator to have 
a greater layer thickness than a corresponding layer of 
silicon dioxide that provides the same amount of insulation. 
Such thicker layers may provide reduced leakage current 
compared to a thinner layer of silicon dioxide. 

The overlap betWeen the gate 306 and the extension 
regions 308A/B through the insulator 312 often leads to 
parasitic capacitance that sloWs the sWitching speed of the 
transistor or the amount of time associated With turning the 
transistor from an “off” state to an “on” state, or from an 
“on” state to an “off” state. The conductive materials of the 
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6 
gate and the extension regions 308A/B, separated by the 
insulator 312, represent charge accumulative or capacitive 
structures that have an ability to store charge. BetWeen 
sWitching cycles the gate and the extension regions may 
become energiZed With an internal separation of charge in 
the proximity of the overlap regions. Voltages applied to the 
gate tend to attract charges in the extension regions. For 
example, When the transistor gate is positively biased, 
electrons from the extension regions and the channel may be 
attracted toWard the gate. The amount of capacitance and 
charge separation Will often be directly related to the area of 
overlap that is shared betWeen the gate and the extension 
regions and inversely related to both the thickness and 
dielectric constant of the gate insulator. Accordingly, more 
charge may be accumulated When there is more overlap. In 
insulated gate ?eld effect transistors, this capacitance is 
often referred to as Miller capacitance, overlap capacitance, 
or simply parasitic capacitance. 

In order to sWitch the transistor, the capacitive structures 
need to be de-energiZed by discharging the accumulated 
charges. Generally, the time to de-energiZe the capacitive 
structures, and to sWitch the transistor, depend directly upon 
the amount of charge that is accumulated (i.e., upon the 
capacitance) and hence the amount of overlap. Accordingly, 
the time to discharge the capacitive structures, and also the 
time to sWitch the transistor, may both be decreased by 
reducing the overlap of the gate and the extension regions 
(the capacitive area). 
The inventors have discovered that insulating spacers 

314A/B may be used to offset the subsequently formed 
extension regions 308A/B from the gate 306 and thereby 
reduce the amount of lap between the gate and the extension 
regions. The offset and lap depend upon the thickness of the 
insulating spacers. The amount of overlap betWeen the 
extension regions and the gate varies for different genera 
tions and uses of transistors and is not easy to measure 
accurately in practice. Often, rather than measuring the 
amount of overlap directly, the Miller capacitance is mea 
sured as an indication of the amount of overlap. Although 
the amount of Miller capacitance may depend upon the 
design and use of the transistor and upon the amount of 
effort to reduce the Miller capacitance by modifying the 
extension implant conditions, the channel doping 
conditions, and the thermal conditions to Which the doped 
regions are exposed (e.g., the anneal), for deep sub-micron 
transistors, in Which the dimensions are less than approxi 
mately 0.5 micrometers, the Miller capacitance Without the 
insulating spacers may often be in the range of approxi 
mately 0.6—0.8 fF/um, perhaps slightly less or more depend 
ing upon the transistor design and upon What if any efforts 
are taken to reduce the capacitance. 
The insulating spacers may be used, potentially in com 

bination With other knoWn approaches, to reduce the Miller 
capacitance in a transistor by offsetting the extension regions 
and reducing the shared lap betWeen the extension regions 
and the gate. In embodiments of the invention, the insulating 
spacers may have a thickness in the range of approximately 
10—200 Angstroms (an Angstrom is 1/10,000,000,000 of a 
meter), or approximately 20—100 Angstroms. Thicker insu 
lating spacers may be used in transistors that have more 
overlap (or Miller capacitance) and thinner insulating spac 
ers may be used in transistors that have less overlap. 
LikeWise, a thinner insulating spacer may be used if a 
smaller reduction in Miller capacitance is desired, and a 
thicker insulating spacer may be used if a larger reduction in 
Miller capacitance is desired, although at some large thick 
ness it may become difficult to form the transistor effec 
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tively. Additionally, it Will be appreciated that as the dimen 
sions of transistors are reduced through the application of 
more advanced processing techniques the thickness of the 
insulating spacers may be similarly reduced. For example, it 
is contemplated that in shorter channel length transistors that 
insulating spacers of thickness, not greater than approxi 
mately 100, 50, or 20 Angstroms may be desired. 

Experiments by the inventors indicate that such insulating 
spacers may help reduce the Miller capacitance by an 
effective amount up to approximately 50%. Even larger 
reductions may be achieved in transistors having a higher 
starting Miller capacitance Without the insulating spacers 
(e.g., higher than approximately 0.8 fF/um). It is contem 
plated that employing the insulating spacers in a 0.25 micron 
technology transistor may be used to reduce the Miller 
capacitance to less than approximately 0.4 fF/um. These 
reductions in Miller capacitance may be realiZed Without the 
need to form notches in the gate, such as those shoWn in FIG. 
2, Which are knoWn to be problematic to control. 

The insulating sideWall spacers may also be used to 
reduce the standby leakage current or increase the transistor 
packing density. At the same gate length, the insulating 
spacers may help reduce the standby leakage current by 
increasing the effective channel length. Alternatively, at the 
same channel length, the insulating spacers may alloW 
reduced gate lengths that may alloW increased transistor 
packing Within an integrated circuit. This is discussed in 
more detail in FIG. 6. 
A variety of materials may be used for the insulating 

spacers. The material should be sufficiently insulating or 
dielectric to prevent substantial How of current betWeen the 
extension regions and the gate through the insulating spac 
ers. Also, the material should provide good contact, adhe 
sion and stability in contact and adhesion to the gate, the 
extension regions, and any other materials it may contact 
(e.g., the source/drain spacer liners 316A/B) in order to 
avoid delamination, blistering, and the like. The stability 
may depend upon such parameters as coefficient of thermal 
expansion. With these considerations in mind, in one 
embodiment of the invention, the spacers may contain an 
oxide of silicon (e.g., silicon dioxide). Silicon dioxide is 
sufficiently dielectric and provides good contact and adhe 
sion to silicon (Which may be used for the gate extension 
regions) as Well as such others materials as silicon nitride 
and silicon oxynitride. The silicon dioxide may be, formed 
by chemical vapor deposition (CVD), physical vapor depo 
sition (PVD), or by groWth through an oxidation of silicon 
folloWed by an anisotropic etch or other method of removal. 
Deposition may be favored for the formation of thicker 
insulating spacers. 

Alternatively, other materials that are Well knoWn in the 
semiconductor processing arts may be used for the insulat 
ing spacers. Potentially any knoWn formation or deposition 
process for forming insulating or dielectric material along 
the sideWalls of the gate relatively conformally and control 
lably to the underlying topography may be used. Exemplary 
materials include, among others, mixed oxides of silicon, 
silicon oxynitride (e.g., SiOxNy)), nitrides of silicon (e.g., 
silicon nitride, SiN), various metal oxides (e.g., hafnium 
oxide (HfOZ), Zirconium oxide (ZrOZ), tantalum oxide 
(TaZOS), loW dielectric constant materials, organic materials, 
and other dielectric materials deposited by conventional 
CVD or PVD processes (e.g., evaporation, sputtering). 

The particular transistor shoWn contains source/drain 
spacers 318A/B and source/drain spacer liners 316A/B, 
although this is not a requirement of the invention. Practi 
tioners Will often desire to include the source/drain spacers 
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in order to offset the subsequently formed doped source/ 
drain terminals from the gate and from the extension 
regions. The offset provided by the source/drain spacers may 
help to avoid overWhelming and altering the extension and 
channel regions during high energy and dose doping of the 
source/drain terminals. When the spacers are desired it may 
also be desirable to include the liners 316A/B for example 
to provide good contact, adhesion and material compatibility 
betWeen the spacers 318A/B and 314A/B, to serve as an etch 
stop layer for the formation of the spacers 318A/B, or both. 
II. Method for Fabricating a Transistor Having Insulating 
Spacers 

FIG. 4 shoWs a method 400 for fabricating a transistor 
having insulating spacers adjacent gate sideWalls, according 
to embodiments of the invention. After starting at block 401 
an insulated gate is formed on a substrate at block 410. This 
may include forming a silicon gate electrode on a silicon 
dioxide gate dielectric on a surface of a semiconductor 
substrate. Then at block 420 a pair of insulating spacers is 
formed adjacent to the sideWalls of the gate on opposite 
sides thereof. In one embodiment of the invention, the 
insulating spacers may be formed by blanket depositing a 
layer of insulating material over the insulated gate and then 
selectively removing portions of the layer that are not on the 
sideWalls of the gate for example With an anisotropic etch. 
For example, a silicon dioxide layer may be deposited by 
CVD, and then a substantially anisotropic etch, With a 
preference for removing material in a direction parallel to 
the sideWalls, may be used to selectively remove portions of 
the layer that are not adjacent to the sideWalls. In an alternate 
embodiment of the invention, the silicon dioxide layer may 
be formed by oxidative growth, as is common in the 
semiconductor processing arts, and then an etch may be used 
to form the insulating spacers. 

After forming the insulating spacers, extension regions 
may be formed in the substrate adjacent to the insulating 
spacers at block 430. Doped extension regions may be 
formed by an ion implantation process in Which the insu 
lating spacers are used to align the dopants introduced into 
the substrate. Next, a source and a drain are formed at block 
440. This may include performing a thermal anneal to 
electrically activate the source/drain terminals, as Well as the 
doped extension regions. The method for fabricating the 
transistor terminates at block 450, although it Will be appre 
ciated that other conventional operations Will often be 
performed, for example to form contacts to the terminals of 
the transistor. 
III. Exemplary Method For Fabricating a Transistor Having 
Insulating Spacers 

FIGS. 5A—I shoW cross-sectional vieWs of intermediate 
transistor structures representing different stages of a 
method for fabricating the transistor shoWn in FIG. 5G 
having insulating sideWall spacers attached to the gate to 
offset extension regions from the gate, according to embodi 
ments of the invention. In these embodiments, an insulated 
gate terminal is formed as shoWn in FIG. 5A, the insulating 
spacers are formed on the sideWalls of the gate as shoWn in 
FIGS. 5B—5C, the extension regions are formed subse 
quently to the formation of the insulating spacers as shoWn 
in FIG. 5D, and the source/drain terminals are formed as 
shoWn in FIGS. 5E—5G. 

FIG. 5A shoWs a cross-sectional vieW of a ?rst interme 
diate transistor structure 500A containing an insulated gate 
including an insulator (a gate dielectric) 312 and a gate 
terminal 306 formed on a substrate 302. The gate dielectric 
and gate may be formed on the substrate by techniques that 
are Well knoWn in the semiconductor processing arts. For 
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example, a layer of a dielectric material may be formed on 
the substrate, next a layer of a conductive gate material may 
be formed over the dielectric layer, and then the layers may 
be lithographically patterned and etched to form the gate and 
the gate dielectric. Often, the dielectric layer may contain 
silicon dioxide that is formed by either Wet or dry oxidative 
groWth from exposed silicon of the substrate, although this 
is not required, and the layer may also be deposited, or 
otherWise formed. The silicon dioxide layer commonly has 
a thickness in the range of approximately 10—200 Ang 
stroms. Alternatively, the insulator 312 may be formed of a 
high dielectric constant or other material. Next, a layer of 
conductive gate material may be formed over the dielectric 
layer. Often, a polycrystalline silicon layer may be deposited 
by CVD to a thickness in the range of approximately 
1000—3500 Angstroms. The gate may also be formed from 
metals or other materials capable of exhibiting conductive 
properties. Finally, the layers may be lithographically pat 
terned and etched to form the gate and the gate dielectric. 

FIGS. 5B—5C shoW forming insulating spacers adjacent to 
the sideWalls of a gate, according to embodiments of the 
invention, in Which an insulating layer is formed over the 
gate and an anisotropic etch is used to selectively remove 
some of the material and to form or carve the insulating 
spacers from the insulating layer. In particular, FIG. 5B 
shoWs a cross-sectional vieW of a second intermediate 
transistor structure 500B containing an insulating layer 320 
formed over the insulated gate and substrate of FIG. 5A. The 
insulating layer is formed on the sideWalls of the gate so that 
the insulating spacers formed from this layer Will abut the 
sideWalls of the gate, although this is not required, and it is 
contemplated that in other transistors one or more layers 
may be disposed betWeen the insulating layer and the gate 
sideWalls. In some embodiments of the invention, the insu 
lating layer is formed by deposition of an insulating or 
dielectric material and in other embodiments the insulating 
layer may be formed by groWth of an oxide of an underlying 
material. 

In the embodiments of the invention Where an insulating 
layer is deposited, the layer may be deposited by CVD, 
PVD, or other suitable techniques (e.g., atomic layer depo 
sition CVD and PVD are Widely used in the 
semiconductor processing arts and are regarded to be Well 
knoWn techniques. Exemplary materials that may be depos 
ited by one or more of CVD and PVD include, but are not 
limited to, oxides of silicon, nitrides of silicon, oxynitrides 
of silicon, doped oxide of silicon glasses (e.g., phosphosili 
cate glass, borophosphosilicate glass, ?uorosilicate glass, 
metal oxides (e.g., aluminum oxide, hafnium oxide, etc.), 
high dielectric constant materials, loW dielectric constant 
materials, and numerous other conventional dielectric mate 
rials that are commonly used in the semiconductor process 
ing arts. It Will be appreciated by a person having an 
ordinary level of skill in the semiconductor processing arts 
that there are many different variations on the methods and 
materials that may be used to form the insulating layers by 
CVD or PVD. 

In one particular embodiment of the invention, a layer of 
silicon dioxide may be deposited by CVD. Silicon dioxide 
provides good dielectric properties, and good contact, 
adhesion, and stability in contact and adhesion to silicon 
(Which is a common material used for the gate). Numerous 
different types of CVD are suitable including but not limited 
to loW pressure CVD (LPCVD), plasma assisted CVD (e.g., 
either plasma enhanced CVD (PECVD) or high-density 
plasma CVD (HDPCVD)), and atmospheric pressure CVD 
(APCVD). These are conventional and Well-knoWn tech 
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niques. High quality dielectric layers that are homogeneous 
and have loW levels of impurities may be desired in some 
embodiments including those Where the high quality dielec 
tric layer may be used to provide sufficient charge retention 
in Flash, EEPROM (Electronically Erasable Programmable 
Read Only Memory), or other PROM transistors containing 
?oating gates that are formed on the same integrated circuit 
as the present transistor. LPCVD may be desired over 
PECVD, HDPCVD, and APCVD inasmuch as LPCVD may 
provide higher quality and more conformal layers than these 
other techniques. Numerous conventional LPCVD chemis 
tries and conditions may be used. As desired, the deposition 
method may include high-temperature depositions, such as 
temperatures higher than approximately 750° C., Which 
Would typically diffuse and disturb doped extension regions, 
if they existed, Which they do not in the present transistor. 
Such depositions by CVD Will often be desired for the 
ability to form high quality and substantially conformal and 
uniform thickness layers. Of course the insulating layer 
formed by LPCVD may not be perfectly conformal and 
uniform. In particular, the layer along the sideWalls may be 
slightly thicker at the top of the gate than at the bottom of 
the gate. In such case the thickness at the top of the gate may 
primarily determine the overlap betWeen the gate and the 
extension regions, since the outer edge of the insulating 
spacer at the top of the gate may act as the ion implantation 
alignment mask for formation of the doped extension 
regions. Also, the layers on the top surface of the gate may 
also be slightly thicker than the layers on the sideWalls. 

In other embodiments of the invention, a silicon dioxide 
layer may be deposited by PVD, for example by sputtering 
or evaporation. Alternatively, a silicon nitride layer may be 
deposited by CVD, LPCVD, PVD, sputtering, or evapora 
tion. Alternatively, many other metal oxides, loW dielectric 
constant materials, or high dielectric constant materials may 
be deposited by CVD, LPCVD, PVD, sputtering, 
evaporation, or other deposition techniques commonly used 
in the semiconductor processing arts. 

Alternatively, in some embodiments of the invention, the 
insulating layer may be formed by groWth or conversion of 
an underlying material of the gate. For example, in the case 
of a silicon gate, an oxide of silicon may be groWn over the 
gate. Silicon at or near exposed surfaces of the gate and the 
substrate may be exposed to oxygen at a sufficiently high 
temperature in order to induce a reaction betWeen the silicon 
and the oxygen and groW an oxide of the silicon (e.g., silicon 
dioxide). In such an embodiment, the Width of the gate may 
effectively shrink by tWice the Width that is desired for the 
insulating layer. The groWth of the oxide may slightly recess 
the extension regions aWay from the bottom corners of the 
gate. This approach may not be desirable for very high 
performance transistors With thick insulating spacers, due to 
the amount of recess created, although in other transistors 
the approach may be appropriate. 

FIG. 5C shoWs a cross-sectional vieW of a third interme 
diate transistor structure 500C containing insulating side 
Wall spacers 314A/B formed by removing portions of the 
insulating layer 320 of FIG. 5B that are not on the sideWalls 
of the insulated gate, according to embodiments of the 
invention. The sideWall spacers are formed by removing 
portions of the insulating layer on the top of the gate and on 
the substrate at right-hand and left-hand sides of the insu 
lating spacers. One approach for removing these portions is 
an anisotropic etch, such as a reactive ion etch, in Which the 
etch rate or extent in the direction parallel to the sideWalls 
is signi?cantly higher than or preferential to that in the 
direction perpendicular or normal to the sideWalls. 
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Suitable anisotropic etches include various dry etches that 
expose the layer to a reactive ion plasma that interacts 
chemically and/or physically With the layer to achieve 
removal. Dry etches are commonly used in the semiconduc 
tor processing arts in part because they provide good 
anisotrophy and critical dimension control. The dry etch 
may be performed in a high-density plasma etcher in order 
to obtain a highly anisotropic etch. The high-density plasma 
etcher is used to generate a suf?cient number of ions to 
obtain the desired etch rate, Which may be sloW or fast 
depending upon the desired amount of anisotropy and end 
point control, at a relatively loW pressure to reduce collisions 
betWeen ions that could lead to increased etching of insu 
lating layer on the sideWalls of the gate. The dry etch may 
be able to carve the insulating sideWall spacers from the 
insulating layer With a loss from the sideWalls that is usually 
only a feW Angstroms. Extra material may be deposited or 
otherWise formed on the sideWall to accommodate for such 
losses, as desired. In a case Where the insulating layer 
contains an oxide of silicon, a ?uorocarbon chemistry may 
be used for the etch, although this is not required. One 
non-limiting example of etch involves utiliZing a chemistry 
comprising CZF6 and a poWer in the range of approximately 
50—500 Watts. Exemplary high-density plasma etchers used 
in the arts include electron cyclotron resonance, inductively 
coupled plasma, dual plasma source, and magnetically 
enhanced reactive ion etch. Of course, other dry etchers such 
as a barrel plasma etcher and others may also be used. 

Endpoint detection for the etch may include optical emis 
sion spectroscopy to measure the etched material or other 
approaches that are commonly used in the semiconductor 
processing arts. Accurate endpoint detection may help avoid 
etching more than a feW Angstroms into the substrate and 
creating recesses in the substrate at the edge of the spacer 
layers that may affect the performance of the extension 
regions. In one embodiment of the invention, if the dry etch 
does not have a suf?cient selectivity and begins to etch the 
underlying substrate the dry etch may be stopped before 
complete etching of the overlying layer from Which the 
insulating sideWall spacers are carved and a subsequent 
isotropic Wet etch may be used to remove the remainder of 
the overlying layer and tailor the insulating sideWall spacers 
to the desired thickness. Of course this is not required and 
the dry etch may be used alone in an implementation that 
provides suf?cient endpoint control. 

The ?nal Width of the insulating sideWall spacers after 
etch-back is less than or perhaps substantially equal to, but 
related to, the total thickness of the insulating layer from 
Which the sideWall spacers are formed. The Width of the 
sideWall spacers may additionally depend upon the unifor 
mity of the Width of the insulating layer, the amount of 
overetch (if any) during the etch process, and the isotropic 
component of the substantially anisotropic etch. With these 
considerations in mind the desired Width of the insulating 
sideWall spacers may be obtained by forming a layer With a 
particular thickness and by performing the etch With appro 
priately selected parameters. According to one embodiment 
of the invention, the ?nal thickness of the insulating sideWall 
spacers may be in the range of approximately 10—200 
Angstroms. If an anisotropic etch With high directional 
preference is used, the blanket insulating layer may have 
approximately this same thickness, or perhaps slightly more, 
for example having a plurality of additional Angstroms to 
alloW for some isotropy. 

The insulating spacers may also be formed by different 
approaches than the various approaches that have been 
shoWn and described in regards to FIGS. 5B—5C. For 
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example, it is contemplated that an insulating material may 
be anisotropic or directional deposited on the sideWalls of 
the gate Without needing to perform an etch. Anisotropic 
depositions of dielectric materials and silicon dioxide are 
knoWn, see e.g., US. Pat. Nos. 5,302,555 and 5,013,691, 
and may potentially be used for this purpose. Additionally, 
it is contemplated that the insulating sideWall spacers may 
be removed, for example by a Wet etch, after doping the 
extension regions by using the outer edges of the insulating 
spacers for alignment of the introduced ions. Removal of the 
sideWall spacers is presently not favored due to the addition 
of extra processing operations and to potential reduction in 
manufacturing yields due in part to etching of the gate 
dielectric. 

FIG. 5D shoWs a cross-sectional vieW of a fourth inter 
mediate transistor structure 500D containing doped exten 
sion regions 322A/B formed in the substrate 302 at opposite 
sides of the insulated gate in alignment With the insulating 
spacers 314A/B of FIG. 5C, according to embodiments of 
the invention. The doped regions Will often be formed by ion 
implantation, as is common in the transistor fabrication arts, 
although they may also be formed by diffusion. Ion implan 
tation usually provides better control over the doping con 
centration and depth of the doping pro?le than diffusion. 
During an ion implantation the dopant ions are introduced 
into the substrate With a dose, in atoms per area, that is 
suitable to provide the desired concentration and an implan 
tation energy that is suitable to provide the desired depth. 
The outer edges of the insulating spacers may be used as an 
implant mask to align the doped regions and offset the doped 
regions from the gate With a spacing that depends upon the 
thickness of the insulating spacers. 

FIGS. 5E—5G shoW forming a source and a drain, accord 
ing to embodiments of the invention, in Which source/drain 
spacers 318A/B are used to offset doped source/drain ter 
minals from the extension regions and the gate. Practitioners 
Will often desire to include the spacers 318A/B When the 
transistor is to contain doped source/drain terminals in order 
to help offset and protect the doped extension regions from 
alteration during the heavy and deep ion implantation that is 
often used to form the doped source/drain terminals, 
although this is not required. The spacers may be avoided 
either by employing greater control over the doping process, 
or if the expected amount of alteration of the extension 
regions is acceptable for the particular implementation. 
Additionally, the spacers 318A/B may be avoided in tran 
sistors that do not contain doped source/drain terminals 
(e.g., they contain metal source/drain terminals). In an 
embodiment of the invention Wherein the spacers 318A/B 
are desired, it Will often be desirably to additionally include 
source/drain spacer liners 316A/B disposed betWeen the 
source/drain spacers 318A/B and the insulating spacers 
314A/B, although the liners are optional. The liners may 
improve adhesiveness betWeen the source/drain spacers and 
the insulating spacers, may protect and seal the gate or gate 
dielectric, and/or may serve as an etch stop for a subsequent 
etch to form the source/drain spacers and thereby help 
protect the underlying materials. 

Returning noW to FIG. 5E, it shoWs a cross-sectional vieW 
of a ?fth intermediate transistor structure 500E containing 
an insulating liner layer 324 formed over a region of the 
substrate containing the insulated gate of FIG. 5D, over (and 
in this particular case on) the insulating spacers, and over the 
top of the insulated gate. The liner layer may be formed of 
a number of materials that are commonly used in the 
semiconductor processing arts and that are consistent With 
its intended operation as one or more of an insulating 








